-Abstract -This paper focuses on the propagation characterization of satellite communication systems in non-geostationary orbits at 900-2100MHz. An overview of available statistical propagation models for the mobile satellite communications channel is provided. Path loss equations for satellite communication systems in the range of 900-2100MHz for different environments and different probabilities of link closure are addressed. We also introduce a series of experiments being conducted to deepen understanding of these issues.
I. INTRODUCTION:
With the launch of the Iridium spacecraft in 1997 and 1998, a significant new architecture has been introduced into the field of Satellite communications.
These LEO and ME0 systems have several advantages over geosynchronous systems. The most significant advantages are, (1) the reduction in range provides a large decrease in path loss resulting in much smaller receiving antennas; (2) the reduction in range provides a significant reduction in propagation delay making voice conversation more pleasing to user and increasing the throughput of most data communication protocols.
These systems can and will serve mobile and portable users with small near-omni antennas. However, the use of small antennas, as well as, the motion of the transmitter and the receiver, introduces the possibility of multipath and blockage in the propagation conditions found in these satellite systems. This paper is concerned with our research into the propagation characterizations for LEO satellite mobile communications. The two most significant questions are: (1) How to develop the path loss equations of nonstationary mobile satellite systems to predict the received signal level? (2) How to characterize the 1" and 2" order fade distributions of the signal received by the ground terminal in mobile nonstationary systems?
The first question addressed the basic path loss equation for LEO/MEO systems. The path loss equations for these systems must include an allowance for such natural factors as the rain, snow, clouds, and fog. Even the effects of the ionosphere may have a contribution to the power loss in a space to ground link, in addition to the free space path loss and blockage due to buildings, The propagation characteristics in satellite communication channels vary from pure line of sight situations between high gain antennas in point-to-point systems to paths with significant multipath fading and blockage found in LEOME0 systems. In this paper. we will focus on the situation found in LEOME0 systems and particularly those in the 900 to 2100 MHz frequency bands. The first attempts to model the propagation characteristics of these systems were based upon extending the now classic Suzuki model of temsaial mobile radio systems. However, satellite systems generally have a much stronger direct component in the signal than is found in the temstrial systems, hence the Suzuki model n d s to be adjusted to account for this difference. with Vf. The signal loss can be around 9 dB at 9ooMHz and almost 0.3 dB at 2100 MHz. This effect can be avoided by using circular-polarized signal.
But it should be pointed out that some effects, espacially diffraction by roof edges and comers of building structures as well as reflections from various planar surfaces, arc. however, polarization sensitive and the orthogonal polarization components of circular polarization will be affected differently.
(2.2) Path Loss Equations in Rural Shadowed
Area (900MH~-2 1 OOMHZ)
In the rural shadowed area, the propagating electromagnetic waves arc shadowed and scatted by trees, causing the excess path loss. Experimental and emperical data are given in [21 and [7,23] . LtrecSqa) or Lrrce9qa)were derived from the experimental .results in (21 by Osborne et al (341 to describe the excess path loss term that caused by the rural environment for different elevation angles and probability of closure path loss equations. The results match the rcceivcd signal envelope records in (7,231 that can be described by statistical model.
In many experiments of [2] , helicopters were used as the transmitter platform and ESA measurement results using geosynchronous spacecraft werc given in [7] . On the basis of the data of these experiments, the path loss equations in the 900MHz-2100MHz range for different environmental conditions are presented below.
(i)
for 50% probability 
(ii) for 90% probability where Lac90(a) = k-zlax +o.hx(ag)@ (8) (iii) for 99% probability Based on the discussions above, the excess path loss in the ground terminal received signal relative to free space path loss in rural shadowed area at 900MHz, 15OOMHz 1900MHz. on clear days and rainy days, is showed in Fig. I d (In these graphs, the notation WO, R90 and R99 indicate the received signal levcl for 50%. 90% and 99% probability, respectively).
From these figures we can conclude the following:
The excess path loss increases with the frsquency (as shown in equation (4)- ( 10)). For example, for clear days, 99% probability and 20 degree elevation angle, the level at 900MHz uansmitting hquency is almost 16 dB lower than that at 19ooMHz, but the difference between LOS signal level is around
The excess path loss increases with the elevation angle decreasing (as shown in Equations (4)-(10)). The signal lever difference between those of 20 degrees and 90 degrees is 21 dB for 900MHz and for 99% probability when the difference for LOS signal is only 7 dB.
The impact of rain is not serious in the 900MHz to 2100MHz ranges. The raindrops scattering cause attenuation. The decrease in the wavelength of propagation waves results in an increase in attenuation. Moreover, the coherence bandwidth caused by multipath effect is also an important parameter to determine the channel bandwidth in the nonstationary satellite system design. It appears no published experimental results address this issue regarding this parameter in a nonstationary satellite system. Estimation of this parameter can be derived by measuring the time delay of pulse signal propagating in a simulating nonstationary satellite system. Thus it is important to derive the received signal fading distributions. LCR and ADF from a great deal of experimental data when the ground receiver is located in various environments.
But the published experimental data is not sufficient to provide these statistics, especially when the receiver is located in a dense area. Although some materials [23] dealt with these statistics, they used a GEO satellite system as the transmitter. In this case, the scenario is that of a moving receiver and a stationary satellite. This is different from the scenario in the LEO satellite system with a moving or stationary ground terminal receiving a signal from a moving spacecraft. And the received signal fading distribution that derived from different places for different elevation angles with a GEO satellite (for example for urban areas, they chose different big cities in Europe) should be different from the fading distribution derived from a fixed ground terminal receiving from moving spacecraft. The receiver is connected to computer by GPIB interface. The LabVIEW software is used to perform the instrument control and data acquisition. The sweep trace is digitized and stored in the computer. The time domain output is a sweep period alternated with a nonwork period as:
. Appropriate analyses of measurement data results in various conclusions that may be helpful in nonstationary satellite system design. Based on the data in our DAS. we plan to investigate such parameters as fading distributions, WR, ADF and power spectrum.
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(i)
Fading distributions: After performing these experiments in an urban area. a suburban area, an open area etc., we will normalize the received signal level to LOS signal level. The excess path loss c a d by the multipath effects in nonstationary system can be derived as a probability density function (PDF) and cumulative probability distribution (CPD) at
(ii) (iii)
IV.
different elevation angles and different fnequencies.
LCR and ADF: After counting the LCR at different vehicle velocities, the normalized LCR at different elevation angles can be derived that can be used to predict the LCR in nonstationary satellite system. The ADF can be deduced on the basis of the LCR and CPD.
Power spectrum: After performing FFT to the data at different elevation angles, the power spectrum as a function of vehicle velocity can be derived which can be used to predict the power spectrum in nonstationary satellite system.
